This study focused on using fluorescence fingerprint (FF) to detect DON non-destructively. The fluorescence fingerprint is also called excitation-emission matrix, which consists of an excitation wavelength axis, an emission wavelength axis, and a fluorescence intensity axis. It is acquired by measuring the fluorescence intensity of a sample at consecutive excitation and emission wavelengths. The samples were wheat grains artificially contaminated with 4 levels of DON. They were crushed into flour. FF measurement was made by a fluorescence spectrometer using a powder cell. Both excitation wavelength and emission wavelength ranges were from 200 to 900 nm at each 10nm interval. Three analyses for FF data were carried out to confirm the possibility of DON detection. Principal component analysis (PCA) was applied to the FF data. The result of PCA indicated that PC2 could become an index of DON contamination degree. Discriminant analysis was also carried out to the same data. Canonical 1 can discriminate the samples based on the DON contamination. Partial Least Squares Regression was applied to the quantitative sample data. Half of data set was used for the calibration and the rest was used for validation. R 2 for calibration and validation set were 0.990 and 0.983, respectively. As a result, fluorescence fingerprint has possibility to become practical technique for screening of DON contamination.
Introduction
Deoxynivalenol(DON) is one of mycotoxins produced by Fusarium spp. in cone, wheat and other grains [1, 2] . It is particularly notable in wheat that the wheat infected with Fusarium changes heads blight. DON causes not only low quality and yield loss of grains but also vomiting, stomach ache and diarrhea upon human and animal ingestion [1, 3] . DON contamination in grains is hot issue through out the world [4, 5] .
Conventionally, the gas chromatography-electron capture detector or the enzyme-linked immunosorbent assay method has been used to detect DON, but these methods are time-consuming, professional operation, and require expensive equipment and reagents. A new method to detect DON quickly, easily, and accurately has been demanded.
In conventional fluorescence spectroscopy, light of one specific wavelength is irradiated on the sample and the emission spectrum is measured. Instead of one emission spectrum from one excitation wavelength, multiple emission spectra can be acquired by irradiating the sample with a set of consecutive excitation wavelengths. The fluorescence fingerprint (FF), also known as the excitation-emission matrix (EEM), is a set of these fluorescence spectra, aligned in order of the excitation wavelength so as to create a three-dimensional diagram [6] . The pattern of this diagram, rather like a fingerprint, is unique for each substance.
The objective of this study is to detect DON in wheat flour using FF.Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors.
Materials & Methods

Samples
Japanese winter wheat variety "Hokushin" was used for this experiment.
The wheat was artificially infected with Fusarium graminearum s.str in an experimental field. Four levels of contaminated wheat with different kinds of fungicide were harvested. They were named Sample A, B, C and D from low to high contamination level. Figure 1 shows preparation of wheat flour and experimental flow. After removal of foreign substance from 120g of wheat grain for each sample, a cyclone sample mill (CSM-S1, UDY Corp., USA) was used for milling to make wheat flour. Three sets of 20g sample were divided into 15g for chemical analysis and 5g for FF measurement.
The FF measurement was repeated 5 times for each 5g, so total of 15samples were measured in each contamination level.
On the other hand, the chemical analysis was carried out for 3 samples in each contamination level.
Chemical Analysis
Liquid Chromatography with UV detector (LC1100, Agilent Technologies, USA) was used to measure the concentration of DON in flour [7] . ODS column (L-Column ODS, 4.6mmx250mm, 5 m, CERI, Japan) was used. The wavelength of UV detector was set to 220nm.
FF measurement
A fluorescence spectrometer (F7000, Hitachi high technologies, Japan) was used for measurement of FF.
The slit widths on both the excitation and emission sides are fixed at 10 nm. The interval of excitation and emission wavelength was fixed at 10 nm. The wavelength scanning speed was set to 30 000 nm/min. The wavelength ranges were 200-900 nm for both excitation and emission. The charge voltage of photo multiplier was 350V. Amount of flour sample for one measurement was 240mg. JMP6 (SAS Institute Inc., USA) and Excel 2007(Microsoft, USA) were used for data analysis.
Data pre-processing
The acquired FF data were processed for statistical analysis. The preprocessing is shown in Figure 2 and described as follows.
1. The EEM data targeted here are the emissions with wavelengths longer than the wavelength of each excitation light. Therefore, the data with emission wavelengths shorter than that of excitation light were removed.
2.
The data included the scattered lights of the irradiation and the second, third and fourth order lights. These lights come from the excitation light source and are different from fluorescence. They appear at the same or several times the emission wavelength of the excitation wavelength. These were much stronger than the fluorescent signals. Therefore, they were removed to perform accurate analysis.
3. The data with low S/N region were removed. They have less intensity of Xenon light source under the excitation wavelength of 240nm and less sensitivity of photo multiplier over emission wavelength of 800nm, 4. The left data were converted from m x n matrix to one dimensional vector. Table 1 shows the result of chemical analysis. DON concentration varies from 2.4 ppm to 26.6 ppm. As a whole, it was relatively higher than that observed in normal fields. This is because it was artificially infected with DON producing bacteria. It was found that the sample A and B is almost the same concentration in average. The concentration of the sample C was three times as much as that of the sample A and B. The sample D was extremely contaminated and was about 10 times as much as the sample A and B. Figure 3 shows representative FF contour maps in each sample group. In figure 3 , strong diagonal emissions originated from emission wavelengths of 200, 400 and 600 nm at the excitation wavelength of 200nm , were scattered light, 2nd order light and 3rd order light. Several peaks are observed in the excitation wavelength between 200 and 340 nm. This result implies the same wavelength range observed in the DON solution [8] . However, these peaks don't have correlation with DON concentration.
Results & Results
As a next step, multivariate analysis was applied to them. Figure 4 is score plot of principal component analysis (PCA) with the axes of PC1 and PC2. The plot of the sample D is separate from the other samples, which is equal to the result of chemical analysis.
Canonical discriminant analysis was also applied to the same data in Figure 5 . Two wavelength conditions were selected to create the canonical discriminant function. The discriminant function is as follows.
DF= -1.274X 1 +1.008X 2 (1)
where X 1 Ex 420nm, Em670nm X 2 Ex 430nm, Em690nm
Only canonical 1 is enough to separate the Table 1 . Chemical analysis of contaminated flour groups of DON contamination. Finally, PLS regression was applied to the same data as quantitative analysis. There were 60 samples based on 4 contamination levels. We divided them into two even groups, which are calibration dataset and validation dataset. PLS regression model was constructed in calibration dataset with cross validation method. Six latent variables were adopted and the result was shown in Figure 6 .
There were high correlation (R 2 =0.990) in calibration dataset. The validation dataset had also similar correlation (R 2 =0.983). Because not much difference between SEC (1.1 ppm) and SEP (1.4ppm) was observed, the prediction model was expected to be robust. 
Conclusions
FF reflects in not only one dominant constituent but also all other constituents. The feature of this technology is multiple measurements, which means both excitation wavelength and emission wavelength are scanned. The acquired data will be more than thousands of intensity response at each wavelength condition. Another feature of FF technology is that we concentrate on all signals which include not only a single major peak but also some other minor peaks. Conventional fluorescence chemistry used to be focused on a major peak of a targeted substance. However, if substance has several variations or some other constituent adhere to it, there may be a small peak or shoulder observed. All of these incidents reflect on the contour map of FF.
Nowadays, modern information technology can handle this vast information at the same time. The results of this research indicate that there will be high possibility to detect DON in wheat flour nondestructively using FF. 
